Abstract. PCM-based systems for cooling of building spaces are a developing area with great potential. Especially since cooling systems are becoming more popular resulting in increased demand for energy. The aim of this work is to analyse how application of phase change materials can support and improve cooling efficiency of air conditioning. Authors discuss and compare different types of PCM-based solutions.
Introduction
It can be observed over last few years that with an improvement of quality of life, usage of air conditioning becomes more frequent [1] . The consequence of this situation is the increase of the demand for energy not only for heating, but also for cooling, what causes general increase of energy consumption for thermal stabilization of buildings. It is important to improve existing and design new systems for controlling temperature, ventilation and humidity of buildings. Especially if we take into consideration how growing use of air conditioning influences the energy consumption. One of the possibilities for improving cooling efficiency of air conditioning is use of phase change materials (PCMs). It can be one of efficient method for improving the process as well as reducing the size of the system. Phase change materials are able to absorb, store and release large amount of heat. It is promising storage medium for a large number of applications such as waste-heat recovery, cooling and heating of buildings or heat pump-systems [2] . It is also considered for air conditioning systems. Phase change materials can be design to change the phase at the suitable temperature range, phase change temperature can also be designed for air conditioning requirements [3] .
PCM for cooling applications in buildings (including air conditioning)
Phase change materials are substances which the most important attribute is the ability to absorb, store and release the heat under certain circumstances. General principle of operation is the same, but properties (phase change transition temperature, latent heat of fusion, specific heat, thermal conductivity, aspirations for gas generation and changes in volume during the transition, life span, tendency to corrosion, flammability or explosiveness, subcooling, recyclability, environmental friendliness, availability or cost) are individual for every material. Figure 1 presents the schematic work of phase change materials on the example of solid-liquid PCMs. For this kind of transition it can be observed that when the ambient temperature rises, the temperature of PCM also rises. When temperature reaches the level of phase transition PCM starts to melt and at the same time absorb heat without changes in PCM temperature. When the temperature decreases the opposite process occurs. PCM releases the heat and returns to original solid state. Phase change materials can be used to store the thermal energy or to stabilise the temperature in the specific range. This is the reason why they have a big potential for building applications. In order to maximize the impact of PCM use, detailed analysis of the properties in order to select the most advantageous solution is necessary. The most important properties have been included in table 1. They refer to every type of PCM: organic (paraffin, non-paraffin), inorganic (salt hydrate, metallic) and eutectics (organicorganic, inorganic-inorganic, inorganic-organic) 
PCM based systems
Number of researchers conducted their reserch in the area of PCM based building thermal stabilisation, including air conditioning. Selected examples are shown and discussed in this paragraph. Rahdar et al. [11] analyzed vapor compression air conditioning system via two strategies of hybrid systems: ice thermal energy storage system and PCM tank. Schematic configuration of two thermal storage systems are shown in figure 2 . Authors analysed systems in order to check and compare capabilities of shifting the load from on-peak to offpeak mode from exergetic, economic and environmental point of views.
The summary of results shows that : -power consumption in comparison to conventional system is 4.59% lower for ice system and 7.58% lower for PCM system -CO2 emission production for ice system in comparison to conventional system is 17.8% lower for ice system and 27.2% lower for PCM system -calculated pay-back period amounts : 3.16 years for ice system and 5.56 years for PCM system. Navidbakhsh et al. [12] analysed in their work energy, exergy, economic, and environmental aspects of the ice thermal energy storage system incorporating a phase change material module for air conditioning applications. Schematic diagram of the modeled ice thermal energy storage system incorporating PCM as the partial cold storage is presents in the figure 3. Authors compared system containing PCM module with the original ice system and with conventional air-conditioning system. The summary of results shows that : -power consumption for PCM system in comparison to ice system and conventional system was respectively 6.7% and 17.1% lower -CO2 emission production for PCM system in comparison to ice system and conventional system decreased respectively 7.2 and 17.5% -calculated pay-back period amount : 3.97 years for PCM system and 3.39 years for ice system Fig. 3 . Schematic diagram of the modeled ice thermal energy storage system incorporating PCM as the partial cold storage [12] DOI
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Mostaffa et al. [13] present air conditioning system in the form of combination of a latent heat thermal storage unit and a refrigeration system. Figure 4 shows the schematic of the system. Authors analyse three cases with different size (l -length, d-thickness) of PCM slabs and different type of PCM. Description of all analysed by Author cases has been presened in table 3. Table 3 . Description of parameters of PCM slab for three analysed by Authors cases [13] Case no.
Length The analysis is conducted from exergoeconomic and environmental points of view. The analysis resulted with conclusions that considering : highest cooling load of 11.8 kW, highest overall product exergy rate of 0.084 kW, lowest investment cost rate of 0.026 M$ and lowest amount of CO2 emission respectively : case 3 has the highest coefficient of performance (COP) of 3.434, case 1 has the highest exergy efficiency of 2.93%, case 2 has the lowest total cost rate of 4094 $/year. Fig. 4 . Schematic of the air cooling system incorporating a latent heat thermal storage unit [13] Zhao and Tank [14] present in their work possibility of integration of shell-and-tube based phase change material (PCM) thermal storage system with conventional air-conditioner. The proposed system use water (for charging loop) and air (for discharging loop) as a media for the heat transfer fluid. Schematic diagram of the air-conditioner integrated with PCM thermal storage is shown in the figure 5. Authors developed a numerical model for the PCM thermal storage unit and evaluated the influence on PCM TES system performance of heat transfer fluid inlet temperature, mass flow rate and conductive fin height. Authors give suggestions related to optimal parameters of both -the system and the system operation. They observed that charging time of the system depend on inlet temperature, mass flow rate and fin height: higher parametersschorter charging time. They also concluded that PCM based thermal energy storage system proposed in this work is easy to scale-up and is characterised by effectiveness higher than 0.5. Chaiyat [15] presents a concept of using phase change material for improving cooling efficiency of an airconditioner. They test modified air-conditioning system. Modification consists of addition of PCM ball pack bed. Research is conducted for Thailand climate. Experiment results are compared and verified with the mathematical model giving high consistency. Details of the testing room schematic are shown in figure 6 and some additional information are presented in table 4 .
Author concluded that results show potential for using the packed ball bed of PCM (RT-20) to reduce energy consumption of the system under discussed circumstances and observes advantages: -power consumption in comparison to conventional system is 9% (3.94 kW h/d) lower -calculated pay-back period amounts: 3.16 years Author selected for the purpose of the experiment phase change material manufactured by Rubitherm: RT-20, which is characterised by melting temperature: 22 ºC, freezing temperature: 20 ºC and heat of fusion: 160-180 kJ/kg. PCM ball was made from celluloid, diameter 4 cm. PCM bed is filled with balls at arroud 70% volume. 
Summary
Current researches and achievements in the field of building thermal stabilisation supported by the use of phase change materials show that there is a great potential, but also number of difficulties which have to be faced in the further works. Wide range of different phase change materials are available on the market. They are group into three main groups (organic-organic, inorganic-inorganic, inorganic-organic) and it can be observed that the biggest attention is around organic PCMs, especially paraffins. Despite many advantages, there is also one main disadvantages for the paraffin use: low thermal conductivity. Many researches are conducted to reduce this problem. It is important to correctly choose the phase change material and construction of the thermal energy storage system in order to effective use of the system. Phase change materials enable short and long therm thermal energy storage. For cooling building applications they are especialy useful fo the electrical energy peak load shifting. Proper use of phase change materials for air conditioning gives possibility of reducing the power consumption and CO2 emission.
